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An investigation was conducted in the Ames 16-foot bigh+peed wind 
tumel to determine the aerodynamic characteristics of three triangular 
wings and a trapezoidal wing through the tramonic speed range, by use 
of the bump technique. Data were obtained throughout a Mach nlndber rage 
from 0.60 to 1.10 md a Reynolds nuuiber range from 2.1 million to 
2.8 million. 

A 
Results of tests of the following wings are reported herein: Two 

aspect ratio 2 triangular wings havik the NACA 0003-63 and 000563 
sections, respectimly, an aspect ratio 3 trimgclar wing having the 
NACA 0003-63 section, and a trapezoidal wing of aspect ratie 2 having 
the NACA 0003-63 section. The trapezoidal wi& was obtained by cutting 
off the tips of the aspect ratio 3 trimgular wing. 

Lift, drag, and pitching-moment data are presented for all the wings 
investigated. Each of the wings, with the exception of the trapezoidal 
wing, had been previously tested in conibination with a body Ln the Ames 
6-by &foot supersonic wind tunnel asd the results are presented herein 
as are data for the '+percent-thick wing in co&in&ion with a body from 
tests conducted in the Ames X&foot wind tunnel. 

INTRODUCTION 

A 
The Ames Aeronautical Laboratory has in progress au experimental 

investigation of the aerodynamic characterfstics of wings of interest 
fn the design of hi-peed fighter aircraft. This programincluded m 
investigation in the Ames 6-by &foot supersonic wind tunnel of two 
trian@ar wing4mdy conibinations of aspect ratio 2, one with the 
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NACA 0005-63 section and the other with the NACA 0003-63 section, - 
and onetriangulmwing4mdyco1&ination of aspect ratio 3 withthe 
NACA 0003-63 section; The Mach nmiber range of these tests extended 
from 0.60 to 0.9 and from 1.2 to 1.7. An investigation of the aspect 
ratfo 2 wing-bady mmibination with the NACA O-3 section was also 
conducted inthe Ames l2-foot pressure tunnel to obtaindatafrcm 
0.24 to 0.95 Mach mm&era; The models used inboth of these investi- 
gations were full-spen wing4cdy cortibinatims that were sting supported. 
Further detsils msy be found in references 1, 2, and 3. 

t 
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In order to extend the Mach mmiber range through the sonic speed, -_ 
an investigation of sim$lar wing models was undertaken on the transonic 
bump in the Ames 16-foot wind tunnel. In addition to the wings investi- . 
gated in t&S &by 6-foot wind tuunel, the subject program included 
testy of a trapzoidal wing. The trapezoidal wing had an aspect ratio ? _~._ 
of 2 and was obtained by cutting the tip from the aspect ratio 3 ._ -.: 
triangulm wing. 

NOTATION 

drag coefficient tvi_ce sends-Dan drag 
ss > 

CL lift coefficient 
( 

twice semfman lift 
as > 

pitching-moms n-b coefficient, referred to 0.2575 

semisuan~itchins:momnt 
SST > 

aspect ratio g 
0 

Ir 
D 

lift-drag ratio 

L utE%x 5 msximumlifikdragratio 

. 

Y 

_- 

-. . .d- - 

R Reynolds mmiberbased onwing~~snaerodynamic chord 
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l 

i 

S 

v 

total wing area (twbe wing mea of semispan model), 

square feet 

9-elocitg, feet per second 

b twice spas of semispan model, feet 

C local chard, feet 

mean aerodynamic chord 
Ibk2dy ( > * ’ feet 

0 \ 

d-c pressure 
( J 

$V' , pounds per square foot 

sperxise distsnce from plene of symmetry, feet 

F 

9 

Y 

a 

P 

aogle of attack, degrees 

a;Lr density, a&s per cIibic foot 

dCL 
act- 

slope of lift curve measured at zero lift, per degree 

slope of pitchin&noment curve measured at zero lift 

1 

APPARATUS ANDMOIEXS 
i 

The models were tested on a transonic bump in the Ames S-foot 
high-speed wind tunnel. A description of the bump may be found in 
reference 4. Aer&lynazui.c forces asd monx3nts were measured by 11~895 of 
an electrical straiwage balance mounted inside the bump. 

Figure 1 presents photographs of two of the mo&3ls mounted on the 
bump, and plan-view drawings of the models are presented as figure 2. 
The trapezoidal wing was obtained by cutting the tip from the aspect 
ratio 3 triazgula;r wing. 
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The following ta;ble presents pertinent dimensional data. 

--- 

A fence--(2.m in. wide and 14 in. long with semicircular ends> 
located 3/16 inch from the bump surface was used to reduce the effects 
of leakagewhichresulted frcnncle~sscebetveenthewingasdblmq! 
surface required f0dAI.s ty-pe of mounting. 

The ratio of fence areaiio mmispanwingareas was aa follows: 

. 
Aspect ratio b'eme area 

Semispanwing area 
Trf~m 2 1.02 . 

WQXF 3 .60 

Trapezoidal 
d 

Wing 2 .71 
- ..- 

Rmge of Variables 

The aeraIynmic characteristic6 of the wings were investigated 
over a Mach number range frcm 0.60 to 1.10. The variation of test 
Reynolds nmiber with Mach nmiber is shown in figure 3. The angle-of-. 
attack range extended fraan -6O to an am&e limited by the capacity of 
the strain gages. 

. 

. 
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Reduction of Data 

5 

Typical Mach nu&er contours of the flow over the bump without a 
model in place are shown in figure 4. The outline of the aspect ratio 2 
wings are sqerposed to itiicate the Mach nu&er variation over the 
model. No account has been taken of the Mach number vsriation over the 
model. The test Mach number was taken to be the Mach member of the 
contour passing through the 2spercent point of the mean aerodynamic 
chord. 

The drag data were'corrected ,to account for an interaction between 
the lift end drag components of the balance. A tare correction to the 
drag to account for the fence drag was evaluated by testing a fence 
alons . The measured fence tare drag was inde-pendent of angle of attack. 
Tare drag coefficients based on the wing area are listed below: 

.Mach nuuiber 0.60 through 0.98 1.02 1.06 through 1.10 
, 

Aspect ratio 2, triangular wings 0.0050 o.oog9 0.0066 

Aspect ratio 3, 
triangular wing l 0035 .0038 .004-4 

Aspect ratio 2, trapezoidal wing .0036 .0040 .0046 

An sz@Mfdttack correction of -0.4O was included to account for 
the cross flow over the bump. Interference effects of the fence and 
effects of leakage around the fence ere not known and no corrections for 
these effects have been made. A boundary layer, which is approximately 
3/b inch thick at the location of the model, exists over the surface of 
the transonicbuq. No account has been taken of its effect on the 
aerodmc charactetistics. 

I 
=TS AND DISCUSSION 

Lift, drag, pitching mamsnt, and lift-drag ratio for each of the 
four wings investigated are shown in figures 5 through 8. Data obtained 
from investigations in the Ames X&foot and 6-by 6-foot wind tunnels of 
similer wings in coxibination with a body have been included. The 
6-by &foot tunnel data included herein were obtained over a Mach ntier 
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rm from 0.60 to 0.90 and 1.3 tb 1.7 at a Reynolds rnrmber of 3.0 mil- 
lion for the aspect ratio 2 wings, andoveraMs~hnu~&arrangefroan 
0.60 to 0.92 and 1.2 to 1.7 at a Reynolds nu&er of 4.8tillion for the 

c 

.- 
c 

aspect ratio 3 wing. Datafromthe ~foottunnelthatareincluded 
herein were obtained owr a Mach nuniber range from 0&?4 to 0.95 E& a 
Reynolds nmiber of 3.0 million. Bzmuary data aa a function of Mach 
nuaiber for the four wings are shown in figure 9. The slope parau&,ers . '.-Y+ 
in this figure have been measured. at zero lift. 

The fact that the datti obtainedinthe &by.&footasd E-foot -- 
wind tunnels axe for wing&@ ccndbinations precludes a direct ccanpari- 
sawiththe results obtained for thawing alone. The theory of refer- 
ence 5, have-, predicts that it would be reasonable to expect a lift 
decrementinthe case of the win@cdy cccllibinatian. The results pre- 
sented in part (a) of figures' 5, 6, 7, and 9 show the opposite effect. 

-;- I 

In the present bump investigation it is concluded that the effects of . 
leakage and bump boundary layer could be responsible for the reduction 
in lift. The results presented in figure g(a) show that there is a -. 

msximum of hercent difference in liftiurve slope between the + and 
+percent-thick triangular wings of aspect ratio.2. Anexpectedincreass , -. . . . 
in liftiurve slope-accompanied an increase in aspect ratio. It is 
interesting to note tb.at the aspect ratio 3 triangular wing after modi- 
fication to the trapezoidal wing of aspect ratio 2 retained greater lift- 
cu.rvB slape then the aspect ratio 2 tria3qular wings. 

Examination of figure g(b) shows the variation of .drag coefficient 
with Mach rnrmber to be scmewhat irre@;ular but certain tremis are etident. 
At the lower Mach nWbers of 0.60 and 0.70 under conditions of lift, 
the drag of the +percenCt&ick, aspect ratio 2 wing is higher than the 
5+ercent+thick, aspect ratio 2 ting and, characteristically, the drag 
of the thicker wing rises TV a-higher value at Mach numbers above 
approxi&tel..y 1.0. The aspect ratio 3 wing under coditions of lift had 
considerably less drag than either of the aspect ratio 2 triangular 
WmP. Modification of the aspect ratio 3 wing to an aspect ratio 2 
trapezoidal wing, in general, increased the drag except below a Mach 
nlzniber of 0.7'5 and below a lift coefficient of 0.2. Under these 
conditions the drag of the trapezoidal wing was less than that of the 
aspect ratio 3 wing, a& above a lift coefficient of 0.2 it was less 
than that of the aspect ratio 2 trfangular wings. 

li, 
.- 

P 

- 

In general, the models tested in the S-foot tunnel were more 
st&le than?those tested in either of the other tunnels, as may be seen 
in part (c) of figures 5, 6, 7, and -9. This 1s to be expected because .~ 
of Cl%-generaLLy destabilizing influence of the body. At a Mach ntrmber 
of 0.90 at high lift, however, the data indicate that the trfangular 
wings hating thKNX!A 0003-63 section were less stable alone thaaz when 
tested withabcdy. The pitching-mcmre nt data from the l&foot tunnel for 
the wercent&hick, aspect ratio 2 trfaqular wing and the trapezotdal 
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wing do not show the abrupt, unstable -break that qccurs for the 
3+erceni&hick, aspect rat10 3 wing and the ~rcenf-thick, aspect 

a ratio 2 wing between lift coefficients of 0.4 and 0.7. Data shown in 
figure 5(c) for the ~rcen%thick, aspect ratio 2 wing indicate that 
the other investigations have shown an unstable break in the pitching- 
-n-t curve, but not with the ssme degree of severity. Smmmry data 
in figure g(c) shov that the variation of the stability para;meter with 
%ch &er ~88 essentially the same for all the wings. Here again 
thic&ss had very little effect on the parameter.but the aspect ratio 2 
wings were more stable than the aspect ratio 3 wing with the exception 
of the trapezoidal wing. As would be expected, the trapezoidal wing 
W8s less sixible than ary of the other wings because it was produced by 
removing a portion that made a large contribution to the negative 

' pitching moment of the aspect rat10 3 wing. _ 

The data of figure g(d) show the variation of maximum lift-drag 
ratio with Mach number. Supersonically, the thinner, aspect ratio 2 
wing was of course more efficient. Above aMachnuniber of 0.75 the 
aspect rat10 3 wing was superior to all the others reported herein. 
The values of msximum liftirag ratio for the trapezoidal wing were 
compsrable to those for the 3;percent thick, aspect ratio 2 triangular 
wing above aMachnuziber of 0.80. At l-er Mach..mmibers, below 0.75, 
the trapezoidal wing was superior even to the aspect ratio 3 wing. 

The trapezoidal wing reported herein was investigated in order to 
ascertain whether or not the theory of reference 6 was applicable at an 
aspect ratio of 3. On a coefficient b%iB examination shows that in 
order for the trapezoidal wing to conform to the hypothesis that the 
part of the surface having parallel sides would develop no lift, the 
lift-curve slope should be 33 percent lover for the trapezoidal wing than 
that for the aspect ratio 3 ting. This, however, was not the case. The 
lift-curve slope was reduced, but only by about 15 percent. 

A comparison of the aerodynamic characteristics of the trapezoidal 
wing of aspect ratio 2 anl those of the aspect ratio 2 trJangt&r wing of 
the saw thickness-to4herd ratio reveals that minimum drag v&.ues were 
essentially the same; however; the trapezoidal wing had the higher 
lift-curve slope, lower drag due to lift, a higher maximum liftritrag 
ratio below a Mach number of 0.80, but a lower msxWum lift-drag ratio 
above a Mach nu&er of 0.80, and a greater centeMf*ressure travel. 

In general, the foregoing points out that the Gpect ratio 2 trape- 
zoldal wing had aerodynamic characteristics superior to those of en 
aspect ratio 2 triangular wing, 

Carrying the comparison further, it can be eeen that the aqect 
ratio 2 trapezoidal wing when coqared with the aspect ratio 3 triangular 
wing of the 88IQe thrlckness-to-chord ratiohad Slightlyhigher~WUdrsg 
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values above aMachnux&er of 0.80,lower liftrcurm slope, lower values 
b 

of.mmimutu lift4rag ratio above aMachn&er of-O.m, tigher drag due 
to lift, and a greater center-of+messure travel. Thus cupping the d 
wing tips did not improve the aerodyne&c characteristics except below 
a Mach PLmiber of 0.75 at low lift coefficients. 

1 .~.. 

The limited scope of the present investigation cmnot lead to any 
generalized ccmments regarding the merit of clipping the tips of 
triea;r wings. It is felt, however, that the results of this 
investigation indicate that beneficial effects may be obtaLned by 
removing the tips of triangular winga. 

- 
j ./ -. ---i 

Within the Mach nmiber range fnvestigated the aspect ratio 3 wing 
waB.in general, superior to the others reported herein. c~arison of 
the characteristics of the aspect ratio 2 triangular wings shmed little 
difference between the j-percent and the 5-;percen&thick tings below 
a Mach nm&oer of 1.0, while above a Mach number of 1.0 the 3-percent- 
thick ting had superior aercdyns&c characteristics. 

r- 

. .r 

-.- 

Modification of.the aspect ratio 3 wing to an aspect ratio 2 
trapezoidal wing had a deleterious effect on the aerodynamic character 
istics at Mach numbers above 0.75 but a beneficial effect at lift 
coefficiellts below 0.2 and Mach numbem below 0.75. The aerodynamic 
characteristics of the trapezoidal wing, however, were the sme as or 
superior-to those of the aspect ratio 2 triangular wings. 

l 

d -. 
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(a) Aspect ratio 2. 

(b) Aspect ratio 3. 

Figure l.- Photographs of the models with the EACA 0003-63 section 
mounted on the Ames l&foot high--speed wind-ltunnelbuup. 
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Figure Z.-A plan-view drawing of the wing models. 
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Figure S-The oerofinamlc charactertsttcs of the wing of aspect ratio 2 having /he NACA 0005-W secth. 
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Figure Z-The aerodynamic characteristics of the wing of ospec? ratio 3 having the NACA 0003-63 section. 
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